Veillonella alcalescens, a strict anaerobe, was found to possess a nitrate reductase system which has characteristics of both assimilatory and respiratory nitrate reduction. The The only reported energy mechanism occurring in Veillonella is the phosphoroclastic system described by McCormick, Ordal, and Whiteley (9) . Valentine and Wolfe (12) showed that ferredoxin was either essential or greatly stimulated pyruvate oxidation in a variety of organisms, including Veillonella. In each organism the ferredoxin was linked to a hydrogenase leading to the formation of molecular hydrogen. Whiteley and Woolfolk (15) showed that the hydrogenase was fully reversible and hydrogen oxidation could be coupled to the reduction of a variety of compounds of the metallic and transition elements and organic compounds. They also demonstrated that both nitrate and hydroxylamine were reduced to the level of ammonia by molecular hydrogen with cell extracts of Veillonella. In these experiments added ferredoxin was not essential for the reduction of nitrate, but the reduction was greatly stimulated by methyl viologen.
Verhoeven (13) , Nason (10) , and others classified nitrate reduction in bacteria into two types based on physiological function: (i) nitrate assimilation, in which nitrate is reduced to the level of ammonia and incorporated into cell material, and (ii) nitrate respiration, in which energy is produced as a result of the transport of electrons to nitrate.
Differentiating between the two types of ni- Larger amounts of cells for preparation of cell-free extracts were grown in 5-or 10-liter volumes of the liquid stock culture medium. Cultures in early exponential growth phase were chilled with crushed ice, and the cells were harvested by centrifugation at 20,000 x g for 20 min at 5 C. The cell pellet was suspended in 5 to 10 ml of potassium phosphate buffer (pH 7.0). This suspension was placed in an "X-press" (Biochemical Processes, Inc., Islip, N.Y.), frozen, subjected to a pressure of 25,000 lb/in2 at -25 C, thawed, and treated with a few crystals of deoxyribonuclease and ribonuclease to decrease the viscosity of the preparation. Whole cells and debris were removed by centrifugation at 10,000 x g for 20 min. The extracts either were used as such or were fractionated in a preparative ultracentrifuge. The crude extracts usually contained 40 to 60 mg of protein per ml, and when fractionated were diluted 1:10 with phosphate buffer before ultracentrifugation at 140,000 x g for 3 to 6 h. The pellet fraction was designated P-144, the supernatant fraction was designated S-144, and the crude extract was designated S-10. All extracts were stored at -20 C under nitrogen or helium. Protein was determined either by the biuret method (3) or by the method of Lowry (8) The spectrophotometric assay contained in qmoles:
tris(hydroxymethyl)aminomethane-hydrochloride (pH 7.4), 100; potassium nitrate, 2; NADH or NADPH, 0.4; and 0.1 to 0.5 mg of extract protein in a total volume of 1.0 ml. Assays in Thunberg tubes contained in micromoles: tris(hydroxymethyl)aminomethanehydrochloride (pH 7.4), 100; potassium nitrate, 20; NADH or NADPH, 5; and 0.5 to 1.0 mg of extract protein in a total volume of 3.0 ml. The NADH or NADPH was placed in the side arm of the tube or cuvette which was then evacuated three times and refilled with nitrogen. Nitrate reduction with molecular hydrogen was determined manometrically. The assay mixture contained in micromoles: potassium nitrate, 20; FAD or FMN, 0.1; or benzyl viologen, 0.5; MgCl, 20; potassium phosphate buffer (pH 7.0), 150; and 5 to 10 mg of protein in a total volume of 3.0 ml with 0.2 ml of 20% KOH in the center well. The flasks were gassed for 10 to 15 min or until the flavine or benzyl viologen was reduced. The reaction was started with the addition of nitrate and terminated with the addition of 0.1 ml of a saturated zinc acetate solution. After adding 4.9 ml of 95% ethanol, the precipitated protein was removed by centrifugation at 3,000 x g, and the supernatant fluid was assayed for nitrite. All assays were performed at 37 C. Unless otherwise noted, specific activity is in terms of nanomoles of nitrite produced per minute per milligram of protein.
The growth rates in various media were determined by periodically sampling a 50-ml batch culture and measuring the optical density at 650 nm. Nitrite accumulation in the medium was assayed after an appropriate dilution with water. The cultures were maintained at 37 C i 0.1 in a circulating water bath and were continuously stirred with a small magnetic stirrer. The cultures were grown under an atmosphere of either nitrogen or hydrogen by continuous sparging. Residual oxygen in the nitrogen or hydrogen was removed by bubbling the gas through 5% pyrogallol in 5 N NaOH and finally through water to remove entrained alkali. To determine precisely the growth rates in the various media, the cultures were serially diluted into the same medium to maintain the cells in exponential growth phase for three to six generations. To determine the course of nitrate reduction and incorporation, cultures were allowed to proceed through the usual batch culture growth curve without dilution. After determining the final optical density and nitrite concentration, the cells were harvested by centrifugation at 10,000 x g and washed three times with 0.1 M potassium phosphate buffer (pH 7.0). The final cell pellet was dried under vacuum over phosphorous pentoxide. directly with 68% on the 15N-labeled nitrate nitrogen incorporated into cell material (Table  2) . It should be noted that the incorporation experiments were done with cells grown in a complex medium containing casein amino acids, yeast extract, and tryptone. Since the total nitrogen content of these compounds is variable, ranging from 12 to 14% total nitrogen, the incorporation figures should not be considered absolute.
When V. alcalescens was grown on hydrogen and nitrate in the presence of 40 mM ammonium chloride, the specific growth rate of the culture was slightly lower (0.33/h) than in the absence of ammonia.
Nitrate reductase. The nitrate reductase from V. alcalescens was characterized to determine any similarities to assimilatory and respiratory nitrate reductases in other organisms.
In Table 3 are shown the results of an experiment which compares the nitrate reductase activities of extracts from cells grown in the presence and absence of nitrate. With both reduced benzyl viologen and reduced FAD there was a marked increase in the specific activity of the nitrate reductase from cells grown in the To make a presumptive determination as to the location of the nitrate reductase in the cell, a cell-free extract was separated into soluble and particulate fractions in a preparative ultracentrifuge. The specific activities of the three fractions are compared in Table 4 . As shown, more than 80% of the nitrate reductase activity appeared in the particulate fraction. When the preparation was centrifuged for longer periods of time, more of the soluble nitrate reductase appeared in the particulate fraction (not shown). The nitrate reductase is stable when stored under nitrogen or helium at -20 C for several weeks. The activity of the enzyme diminishes rapidly when the preparation is frozen and thawed.
A comparison of the nitrate reductase activities with various electron donors is shown in Table 5 . The activities reported for molecular hydrogen, with or without added factors, were somewhat variable because of the lability of the hydrogenase. A similar hydrogenase lability was reported in V. alcalescens by Whiteley and Ordal (14) . The activities shown in Table 5 are for enzyme preparations of equal activity. The benzyl viologen coupled hydrogenase-nitrate reductase activity was lower than the dithionitereduced benzyl viologen activity. Also, the activity with dithionite-reduced FAD was higher than with either of the activities with flavine coupled hydrogenase and nitrate reductase. These findings suggest that the limiting step is the hydrogenase, when molecular hydrogen is the electron donor. If the cell preparation was sufficiently active and initially contained a high concentration of protein (50-60 mg/ml), no extra factors were required to couple the hydrogenase and the nitrate reductase.
Neither NADH nor NADPH donated electrons to the nitrate reductase. Also, neither FAD nor FMN had an effect on the inactivity with the reduced pyridine nucleotides, and there was no observable NADH or NADPH oxidase activity with any of the preparations tested.
Since the hydrogenase is a soluble enzyme and the flavine-linked activity was often lost upon fractionation, all of the nitrate reductase experiments were performed with the S-10 fraction of cell extracts. For all of the enzyme studies it was assumed that nitrate was reduced only to nitrite. Contrary to the report of Whiteley and Woolfolk (15) , there was no indication of nitrate reduction to the level of ammonia with cell-free extracts of this strain of V. alcalescens. As shown in Table 6 , the reduction of nitrate with molecular hydrogen with benzyl viologen gave stoichiometric evidence that nitrate was not reduced beyond nitrite in our test system.
DISCUSSION
We showed that the rate of growth of V. alcalescens on pyruvate is stimulated by ni- 
